Non-destructive Detection of Normal Transitions in High Temperature Superconducting Coil  by Nanato, N. & Nishiyama, K.
  Physics Procedia  58 ( 2014 )  260 – 263 
Available online at www.sciencedirect.com
1875-3892 © 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the ISS 2013 Program Committee
doi: 10.1016/j.phpro.2014.09.070 
ScienceDirect
N
D
Abst
High
of no
used
there
volta
detec
meth
capac
elect
capac
detec
© 20
Selec
Keyw
* C
E
on-destr
epartment of Ele
ract
 temperature su
rmal transition
for the quench
fore insulation
ge sparks. In th
t normal transi
od, two electro
itor. Then two
ro-conductive 
itor by voltag
tion and the lo
14 The Author
tion and peer-r
ords: Supercond
orresponding aut
-mail address: en
26th Inte
uctive d
ctrical and Elect
Technology, 
perconducting
 areas is impo
 detection and 
s of supercond
is paper, the a
tions regardles
-conductive sh
 capacitors are 
sheet and the 
e dividing with
cation were suc
s. Published by
eview under re
ucting coil; locat
hor. Tel.: +81-86
421450@s.okay
rnational S
etection
sup
N.
ronic Engineerin
Okayama Univer
 (HTS) coils r
rtant for develo
the location. T
ucting wires ha
uthors present 
s of the insulat
eets are attach
created on the 
superconductin
 the three capa
cessfully achie
 Elsevier B.V. 
sponsibility of
ion;  non-destruc
-251-8122; fax: 
ama-u.ac.jp 
ymposium 
 of norm
ercond
Nanato, K
g, Division of Ind
sity, 3-1-1, Tsush
equire reliable 
ping reliable H
he method nee
ve to be remo
a new detection
ions (by no de
ed on a surfac
surface of the s
g wire. The n
citors. A demo
ved.
the ISS 2013 P
tive voltage meas
+81-86-251-8259
on Superco
al trans
ucting c
.Nishiyam
ustrial Innovati
ima Naka, Kitak
quench monito
TS coils. Res
ds many voltag
ved for the sol
 method of no
struction) and 
e of a superco
uperconductin
ormal transitio
nstration test 
rogram Comm
urement; capaci
.
nductivity,
itions in
oil
a*
on Sciences,Grad
u, Okayama 700
ring systems f
istive voltage m
e taps soldere
dering and then
rmal transitions
has no risks ab
nducting coil 
g coil by sandw
ns can be det
was carried ou
ittee. 
tor taps; normal
 ISS 2013 
 high te
uate School of N
-8530, Japan  
or safety opera
easurement m
d to supercond
 it has high ri
 by using capa
out the high vo
and are connec
iching the insu
ected as a vo
t for a Bi2223 
transitions
mperatu
atural Science a
tions. Also, loc
ethod is unive
ucting winding
sks in terms of
citor taps whic
ltage sparks. I
ted with an ou
lation between
ltage of the ou
coil and the qu
re
nd
ating 
rsally 
s and 
 high 
h can 
n this 
tside 
 each 
tside
ench
© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the ISS 2013 Program Committee
 N. Nanato and K. Nishiyama /  Physics Procedia  58 ( 2014 )  260 – 263 261
1. I
H
SM
Wh
dam
The
resi
and
trou
dete
with
mea
2. N
Fi
surf
the 
(alu
dete
show
elec
vc is

ݒ௭ ൌ

It is


ntroduction 
igh tempera
ES, motors, a
en a quench 
age the coils
refore monito
stive voltage 
 the soldering
bles such as 
ction method
out the rem
surement me
on-destructi
g.1 shows an
ace of a supe
surface of th
minum tape) 
cted as a vol
n in Fig.2, w
tro-conductiv
 voltage of th
஼భ஼మା஼భ஼ೞା஼మ
஼భ஼మ
 possible to m
Fig.1 O
ture supercon
nd transform
(or thermal r
. In addition
ring systems
measurement
 accompanies
high voltage 
 of normal 
oval of the 
thod through 
ve voltage m
 outline of th
rconducting c
e supercond
and the super
tage of the ou
here Z is an 
e sheet capac
e outside capa
஼ೞ ݒ௖ ൌ ߙ௖ݒ௖
easure vz by m
utline of the 
ducting (HT
ers, which ar
unaway) occu
, locating of 
 are needed f
 [4]. The me
 with remova
sparks especi
transitions by
insulations. T
experimental 
easurement m
e proposed m
oil and are c
ucting coil b
conducting w
tside capacit
impedance b
itors, Cs is ca
citor Cs. vz is

easuring vc.
proposed met
S) coils have
e expected a
rs in the HT
normal transi
or the quenc
thod needs to
l of electric in
ally for AC s
 using capac
he authors s
results for an 
ethod 
ethod. In thi
onnected with
y sandwichin
ire as shown
or by voltage
etween two e
pacitance of 
 shown in the

hod 
 been develo
s low loss an
S coils, too m
tion areas is 
h protection a
 solder many
sulations of 
uperconductin
itor taps wh
how usefuln
HTS coil. 
s method, tw
 an outside c
g the insula
 in right hand
 dividing with
lectro-conduc
the outside ca
 following eq



ped for pow
d compact e
uch heat ge
important for
nd the locati
 voltage taps
the supercond
g coils. Ther
ich are possi
ess of the pr
o electro-con
apacitor. The
tion between
 side of Fig.
 the three ca
tive sheets, C
pacitor, vz is 
uation: 
(1) 
Fig.2 Equ
er system ap
lectric power 
neration in n
 developing 
ng. A most u
directly on t
uctors and th
efore the auth
ble to detect 
oposed non-
ductive sheets
n two capaci
 each electro
1. The norma
pacitors. Its e
1 and C2 are 
voltage of th
ivalent circuit
plications su
apparatuses 
ormal region
reliable HTS
niversal met
he supercond
en it causes s
ors propose 
normal trans
destructive v
 are attached
tors are creat
-conductive 
l transitions c
quivalent circ
capacitances
e impedance 
 of Fig.1
ch as 
[1–3]. 
s may 
coils. 
hod is 
uctors 
erious 
a new 
itions
oltage 
 on a 
ed on 
sheet
an be 
uit is 
of the 
Z and 

262   N. Nanato and K. Nishiyama /  Physics Procedia  58 ( 2014 )  260 – 263 
3. Ex
T
tape 
attac
norm
110A
caus
and
F
sold
turn,
proc
perimental
able.1 shows 
on Glass Fib
hed on the 2n
al transitions
, 60Hz was s
ed by extracti
the 14th and 2
ig.4 shows th
ered voltage t
 respectively.
essing. 
Fig.
results and d
specification
er Reinforced
d, 14th and 2
, voltage taps
upplied to th
ng upper side
7th turn kept
e experimenta
aps and capac
 They are sho
Table
Coi
Inn
Out
Hei
Num
Ind
Ic (a
Wir
Wid
Thi
Rat
Table.
Outsi
Elect
3 Outline of t
iscussions 
s of a test HT
 Plastic (GFR
7th turn of th
 were directly
e HTS coil w
 of the HTS c
 superconduc
l results, wh
itor taps, resp
wn in Table.
.1 Specificati
l
er diameter (m
er diameter (m
ght (mm) 
ber of turns 
uctance (Ɋ)
t 77K, self-fi
e
th (mm) 
ckness (mm) 
io of silver
2 Specificatio
de capacitor 
ro-conductive
he test coil 
S coil which
P) bobbin. T
e HTS coil. F
 soldered to B
hich was initi
oil into room
ting state.  
ere vze and vce
ectively, and
 3. Inductive 
ons of the Bi
m)
m)
eld) (A) 
ns of the capa
: Cs (nF) 
 sheet capacit
 is a solenoid
able.2 shows
ig.3 shows a
i2223 tape o
ally cooled in
 temperature 
 are root mea
 subscript num
voltages were
-2223 superco
140
150
230
27.
85.
175
4.2
0.2
1.7
citors
ors : C1,C2 (n
Ta
2
14
2
2
14
2
 coil wound 
 specification
n outline of t
f the 2nd, 14t
 liquid nitrog
air, then the 2
n square valu
bers 1, 2 and
 removed fro
nducting coil
5
2
2
F)
100
0.27
ble.3 Notation
Vo
 Instan
va
nd
th 
7th 
Voltag
 Instan
va
nd
th 
7th 
with Bi2Sr2C
s of the capa
he test coil. In
h and 27th tu
en. The norm
nd turn transi
es of the volt
 3 mean the 2
m the all volt
 for voltages 
ltages of capa
tanious 
lues 
R
vc1
vc2
vc3
es of superco
tanious 
lues 
R
vz1
vz2
vz3
a2Cu3Ox (Bi2
citors which 
 order to con
rns. AC curre
al transitions 
ted to normal
ages measure
nd, 14th and
ages by nume
citors 
oot mean squ
values
vce1
vce2
vce3
nductors 
oot mean squ
values
vze1
vze2
vze3
223) 
were 
firm 
nt of 
were 
 state 
d by 
 27th 
rical
are 
are 
 N. Nanato and K. Nishiyama /  Physics Procedia  58 ( 2014 )  260 – 263 263
     F
bec
It is
volt
Th
0.12
Ƚୡ
௩೥೐
ఈ೎௩೎

The
usef
4. C
I
as a
the 
stud
Ref
[1] O
C
[2] O
[3] Y
a
[4] Y
igs.4 (a), (b)
ame normal s
 found that th
age taps. 
e numerical v
5 mV. From 
ୡୣଵ ൌ ͹Ͷͳ ൈ
భ
೐భ
ൈ ͳͲͲ ൌ ͺ
 calculated va
ul for the det
onclusions 
n this paper, t
 non-destruct
proposed me
y about a littl
erences 
. Tsukamoto,  S
ryogenics 42; (2
. Tsukamoto, Ro
. Shiohara, N. Fu
pplications: New
. Iwasa, Case St
Fig.4 Exp
 and (c) show
tate from thes
e normal tran
alues are com
Ep. (1), 
ͲǤͳʹͷ ൌ ͻʹǤ͸
͸ǤͶΨǤ
lue of vze1 is 
ection and the
he authors pr
ive voltage m
thod for detec
e difference b
. Akita, Overview
002) 337-344.
ads for HTS pow
jiwara, H. Haya
 5 year project fo
udies in Supercon
erimental res
 the voltages
e figures. Fig
sitions in the 
pared betwe
ǡ

almost in agr
 location of th
oposed the vo
easurement m
ting and loca
etween the n
 of R&D activit
er applications t
shi, S. Nagaya, T
r materials and p
ducting Magnet
ults (a) vze1,
obtained by t
s.4 (d), (e) an
2nd turn were
en vze1 and vce
 

eement with 
e normal tran
ltage measure
ethod of the
ting the norm
umerical valu
ies on application
o go into the real
. Izumi, M. Yosh
ower application
s, Design and Op
(b) vze2, (c) vz
he soldered v
d (f) show th
 measured by
1. The maxim
(2) 
 (3) 
the measured
sitions.
ment method
 HTS coil. E
al transition
es of vze and v
s of supercondu
 world: Cost issu
izumi, Japanese
s of coated cond
erational Issues, 
e3, (d) vce1, (e)
oltage taps. I
e voltages ob
 the outside c
um value of v
 one. It is sho
 by using the
xperimental r
s in the HTS 
ce in detail.
ctivity to power a
es and technical
 efforts on coated
uctors (M-PACC
Second Edition, 
vce2, (f) vce3 
t is found tha
tained by the 
apacitors as w
ze1 is 80 mV a
wn that the p
 capacitor typ
esults showe
coil. Hereafte
pparatuses in Jap
issues, Cryogeni
 conductor proce
), PhysicaC 469;
Springer; 2009.p
t only the 2n
outside capac
ell as the sol
nd that of vce
roposed meth
e voltage term
d the usefuln
r, the author
an,
cs 45; (2005) 3-1
ssing and its pow
 (2009) 863-867
. 505-506
d turn 
itors. 
dered 
1 is 
od is 
inals 
ess of 
s will 
0. 
er
.
